Background: Evidence consistently shows that diabetes is a risk factor for increased prevalence of gingivitis and periodontitis. But there is a controversy about the relationship between diabetes related factors and periodontal health. The aim of the present study is to explore the relationship between diabetes related factors such as glycosylated hemoglobin, fasting blood glucose, duration of diabetes and compliance to diabetes self management and periodontal health status. Methods: Periodontal health of 125 participants with type-2 diabetes mellitus was measured by the number of missing teeth, community periodontal index (CPI), Russell's periodontal index and papillary bleeding index. Information on sociodemographic factors, oral hygiene behavior, duration and compliance to self management of diabetes, levels of glycosylated hemoglobin(HbA1c) and fasting blood glucose(FBG) were collected by interview and hospital medical records. Statistically, independent t-test, an analysis of variance (ANOVA), chi-squared test and multiple regression analyses were used to assess the association between diabetes-related factors and periodontal health. Results: Periodontal parameters including the number of missing teeth and papillary bleeding index were significantly influenced by duration of diabetes, FBG and compliance to self management of diabetes. CPI was significantly influenced by duration of diabetes, FBG and HbA1C. And Russell's periodontal index was significantly influenced by duration of diabetes, FBG, HbA1C and compliance to self management of diabetes. Results of multiple linear regression analysis showed that the duration of diabetes showed significant positive correlation with all of the periodontal health parameters, except for missing teeth. HbA1c was correlated with Russell's periodontal and papillary bleeding index. FBG and compliance to self management of diabetes were correlated with missing teeth and papillary bleeding index respectively. Conclusions: Diabetes-related factors such as duration of diabetes, FBG, HbA1c and compliance to self management of diabetes were significantly correlated with periodontal health among individuals with type-2 diabetes.
Background
Periodontal disease, one of the most common chronic inflammatory diseases, with gradual destruction of connective tissue surrounding the teeth, eventually leads to tooth loss. Periodontal diseases include gingivitis (in which the inflammation is confined to the gingiva, and is reversible with good oral hygiene) and periodontitis (in which the inflammation extends and result in tissue destruction and alveolar bone resorption) [1] . Periodontitis occurs primarily in adults and its incidence increases with age [2] . According to a report published in 2010 on the oral health status of Koreans in Korea, 29 .8% of participants in the 35-44-year-old category had a periodontal pocket greater than 4 mm, and this value increased to 55.2% in the 65-74-year-old category. In the 35-44-year-old category, only 21.8% of participants reported having healthy periodontium without gingival bleeding [3] . Periodontitis has negative impacts on many aspects of daily living and quality of life [4] .
Among various risk factors for periodontitis, diabetes has been confirmed as a major risk factor [5, 6] . The prevalence of periodontitis is higher and its symptoms are more severe in individuals with diabetes, compared with non-diabetics [5, 7, 8] . The influence of diabetes on oral health conditions has been well documented. Frequently observed oral conditions in patients with diabetes include dental caries, xerostomia (dry mouth), tooth loss, gingivitis, cheilitis, increase of glucose level in saliva, and periodontitis [9] .
Diabetes mellitus (DM), resulting from a deficiency in insulin secretion or its action, is a metabolic disorder accompanying chronic complications such as micro vascular damage, nerve damage, and atherosclerosis [10] . Along with socioeconomic development and changes in lifestyle, the incidence of diabetes is increasing. According to a report published in 2009, 10.2% of males, 7.9% of females, and 9.1% of the total population in Korea have diabetes [11, 12] .
Many studies have reported on the correlation between various diabetes-related factors including HbA1c and duration of diabetes, and periodontal health. In the US National Health and Nutrition Examination Survey (NHANES) III, adults with an HbA1c level of >9% had a significantly higher prevalence of severe periodontitis than those without diabetes [13] . Most studies agree that HbA1c is associated with severity of periodontitis [14, 15] . However, studies evaluating the relation between periodontitis and the duration of diabetes have conflicting results. For instance, Standberg and colleagues reported that duration of diabetes was not associated with periodontitis [16] . Other research groups have reported that the prevalence of periodontitis increased with the duration of diabetes [17] [18] [19] .
In addition, the studies on association of periodontal health and diabetes behavior factor such as a healthy diet, physical exercising and self-monitoring of blood glucose, are rare. However, a report investigated that dental selfefficacy is associated with HbAlc level among diabetes patients [20] . By assessing compliance to self management of diabetes, which describes the degree to which a patient correctly follows medical advice about self management of diabetes such as diet, medication regimen and exercise, we tried to evaluate the relation between behavior factor of diabetes patient and periodontal health.
Therefore, we undertook this study to understand the association between various diabetes-related factors like duration of diabetes, HbA1c, fasting blood glucose and compliance to self management of diabetes and periodontal health. Russell's periodontal index The periodontal tissue of the remaining teeth including third molar were subjected and the stratification was the following. 0: Negative. There is neither overt inflammation in the investing tissues nor loss of function due to destruction of supporting tissues.
1: Mild gingivitis. There is an overt area of inflammation in the free gingival, but this area does not circumscribe the tooth.
2: Gingivitis. Inflammation completely circumscribes the tooth, but there is no apparent break in the epithelial attachment.
4: There is early, notch like resorption of the alveolar crest.
6: There is horizontal bone loss involving the entire alveolar crest, up to half of the length of the tooth root (distance from apex to cemento-enamel junction).
8: There is advanced bone loss, involving more than one-half of the length of the tooth root; or a definite intrabony pocket with definite widening of the periodontal ligament. There may be root resorption, or rarefaction at the apex.
Papillary bleeding index
The interdental sites were probed in order from the right maxillary second molar to the left maxillary second molar (#17, 16, 11, 26 & 27) 
Methods

Study participants
Oral examination and general information
A trained dentist performed an oral examination and examined dental panoramic X-ray, which provided information regarding Russell's periodontal index [21] . For assessments of periodontal health, the number of missing teeth, Russell's periodontal index, papillary bleeding index [22] and community periodontal index(CPI) [23] were measured using WHO-probe (Hu-Freidy, Chicago, IL, USA). Clinical criteria of each periodontal parameter were described in Table 1 . Mean values of each periodontal parameter were calculated individually. A self-administrated questionnaire was provided to investigate the socio-demographic factors (age, gender and education), general health behavior (smoking and drinking), oral hygiene behaviors (toothbrush frequency and oral health education) and self-perceived oral health. 
Diabetes-related factors
Information on HbA1c, expressed as the percentage of hemoglobin that is glycosylated and FBG were collected from the medical records of participants who had visited hospital regularly, with their permission. Other diabetesrelated factors, including duration and compliance to self management of diabetes were obtained by questionnaire by the dental hygienist. Questionnaire on compliance to diabetes self management, modified from the questionnaire developed by Park (1985) consists of 14 questions (4 questions about diet control, 2 about exercise, 2 about insulin treatment, 5 about self-monitoring blood glucose and general management, and 1 about diabetic education) [24, 25] (Figure 1 ). Each question was rated on a 4-point Likert scale (1 = all of the time and 4 = never) with higher scores indicating poor diabetes management. Mean value of all question was calculated individually.
Statistical analysis
Comparisons of four periodontal health parameters by diabetes related factors were performed by independent t-test, one-way ANOVA and chi-squared test. Multiple regression analyses were adopted for exploration of the explainable variables for periodontal health parameters by sociodemographic factors, diabetes-related factors and oral health behaviors. All statistical analyses were implemented using the statistical analysis software of SPSS (SPSS 19.0 for Windows, SPSS Inc, USA). Statistical significance level was set at 0.05.
Results
1 Distribution of socio-demographic characteristics, smoking, drinking and oral hygienic behaviors
The distribution of the socio-demographic, lifestyle and oral hygiene behavior factors across periodontal parameters was shown in Table 2 . The mean age of participants was 57.8 years (range: 33-75 years) and 61.6% of participants were male. The education level of the majority of subjects was below middle school graduation (57.6%). The prevalence of smoking and drinking was 24.0% and 40.8%, respectively. The most reported frequency of tooth brushing was two times per day (56.8%). Only 20.0% of subjects reported having oral health education. For the question asked about self-perception on oral health status, majority of subjects reported "unhealthy" (72.8%).
Periodontal health status by diabetes-related factors
The distribution of the diabetes-related factors across periodontal parameters was shown in Tables 3  and 4 . The duration of diabetes and FBG of the majority of subjects was 6 to 9 years (59.2%) and 140 to199 mg (40.0%), respectively. HbA1c level above 7% was observed in 69.6% of subjects. The compliance to self management of diabetes was classified into two categories (Do-well: participants whose score of self management of diabetes > mean value (2.40) of compliance to self management of diabetes score of all participants, Not do-well: the others): 56.0% of subjects belonged to the Do-well category. The number of missing teeth and score of papillary bleeding index increased significantly in the categories of longer duration of diabetes, higher FBG level and Not-do-well of compliance to self management of diabetes. Participants with longer duration of diabetes, higher FBG level and HbA1C ≥7 showed significantly higher code of CPI and Russell's In multiple linear regression analysis, duration of diabetes significantly predicted all periodontal health parameters, except for missing teeth. Missing teeth was significantly correlated with age and FBG (R 2 = 0.535, p < 0.001). CPI was significantly correlated with smoking, education level, duration of diabetes and oral health education (R 2 = 0.400, p < 0.001). Russell' periodontal index was significantly correlated with duration of diabetes, HbA1c and oral health education (R 2 = 0.542, p < 0.001). And papillary bleeding index was significantly correlated with education level, duration of diabetes, HbA1c and compliance to self management of diabetes (R 2 = 0.433, p < 0.001) ( Table 5 ).
Discussion
The periodontal health of this group of individuals with type-2 diabetes was poorer with increased duration of diabetes, higher levels of FBG, HbA1c and higher score of compliance to self management of diabetes. Longer diabetes duration, higher FBG and HbA1C levels, and poorer score of compliance to self management of diabetes were positively related to poorer scores on periodontal health parameters in multiple linear regression analysis.
As mentioned in the introduction, studies evaluating the relationship between duration of diabetes and periodontitis have inconsistent results [16] [17] [18] [19] . In this study, all periodontal parameters including missing teeth, CPI, Russell's periodontal index and papillary bleeding index were significantly related to duration of diabetes. Also, compliance to self management of diabetes showed significant relationship with all periodontal parameter except for CPI. Generally, results of cross-sectional study cannot be interpreted as a causal relationship. But as reported by Kneckt MC, participants who have good compliance to self management of diabetes tend to have higher dental self-efficacy which is related to good periodontal health [26] . On the other hand, good compliance to self management of diabetes may result in well control of HbA1c, which is reported to be associated to periodontal health. Therefore in light of these, we think that our result is plausible. FBG and HbA1C levels showed significant relationship with periodontal parameters, which are coincident with preceding studies [14, 15] .
For comprehensive evaluation of periodontal health, we measured several periodontal indices (CPI, Russell's periodontal index and papillary bleeding index). CPI is a widely used method to assess and summarize periodontal health status in epidemiological studies but is sensitive to individual error when measuring periodontal pocket depth [27] . To overcome this limitation we used the Russell's periodontal index, with dental panoramic x-ray to assess periodontal health objectively. In panoramic X-ray, interproximal alveolar bone loss can be detected easily, but alveolar bone loss occurring on buccal, lingual or palatal sites cannot be detected. We therefore combined the two methods (CPI, Russell's periodontal index) to assess periodontal health more accurately, together with papillary bleeding index to assess gingivitis. Strength of this study was the comprehensive assessment of periodontal health using these three complementary indices.
However, this study had several limitations. First, we did not measure the intra-examiner error which is important to clinical research with CPI, to alleviate participant's sufferings. Second, we investigated the current state of smoking in questionnaires, so ex-smokers might have been classified as non-smoker group in questionnaires. Periodontal health of ex-smokers might have been affected by past smoking experience and this result might have influenced on the result of multiple regression analysis which was adjusted for smoking variables. Therefore, further studies need to evaluate smoking status of participants considering the number of cigarettes, experience and period of smoking. Periodontitis is reversible in patients with well-controlled diabetes and the outcome of its treatment in patients with diabetes is similar to that in non-diabetics [28] . In addition, periodontitis is preventable with adequate oral hygiene practice [29] . In this study, oral health education has been shown to have a significant influence on periodontal health among patients with type-2 diabetes mellitus. Diabetes is a chronic disease requiring lifelong treatment, and patients with a long duration of diabetes have demonstrated a propensity to neglect their oral health [30] . So, it is desirable that diabetes health care professional and dentist promote diabetes self-care as well as oral health education for management of both diabetes and periodontal health, especially among patients with long duration of diabetes.
Conclusions
Diabetes-related factors such as duration of diabetes, FBG, HbA1c and compliance to self management of diabetes were significantly correlated with periodontal health among individuals with type-2 diabetes. Therefore, we emphasize the role of blood glucose control and self-care practice of diabetes along with oral health education for management of oral health, which is exceptionally important for prevention of diabetes related complications and improvement of quality of life [31, 32] .
